Identifying the various factors that affect the intensity of a flood event, such as its duration and volume, is essential for strategic planning and flood management. Further, quantifying the impacts of these major factors on flood intensity using the contribution rate is essential, but technically challenging. In this study, the authors have adopted the projection pursuit model to quantify the contribution rates of peak flood stage and peak flood discharge, flood duration, and total flood volume (the maximum 12-, 24-, and 72-hour flood volumes) in the Wujiang River in Southern China.
INTRODUCTION
Floods can be considered catastrophes, causing lost lives and properties, and natural environments that are damaged beyond repair (Kisss et al. ) . The severity of damage from a flood event can be assessed by determining the flood intensity. Factors that contribute to the intensity include the peak flood discharge, volume and duration, and flow velocity. Ahmed & Mirza () suggested using the flood intensity index to account for multiple factors such as the flood duration, destructive capacity, and the area affected by floods. Many studies have examined flood intensity from different perspectives. For example, Adamowski () pointed out that the peak flood discharge is the most important feature of a flood event because the maximum discharge rather than the average discharge is the main concern. French & Miller () stated that the flood intensity is determined by flow depth and velocity. Swades & Surajit () The impacts of peak flood discharge and discharge on a flood event can be quantified by using contribution rates, or the weight of the variables that contributed to flood intensity. The contribution rate is an important, comprehensive value used for flood control. Quantifying contribution rates of factors that could significantly impact flood intensity not only provides information to identify the dominating factors for flood events, but also is crucial for flood risk assessment and water resource planning (Bai et al. ) . The evaluation of a contribution rate should be as accurate as possible given the impli- Bureau of Hydrology. According to this agency, the discharge data were computed from the direct flow velocity measurements at the gaging station and the water level was measured by using a stage gage at the same location.
The flood event with the largest peak flood discharge in each calendar year was selected for the study analysis.
The method for extracting flood events was introduced in detail by Wang et al. () . 
METHODOLOGIES

Calculation of contributing rate
The projection pursuit model is designed to determine the projection from high-dimensional spaces to low-dimensional spaces that reveal the most details about the structure of the data set. Details of the projection pursuit model for the con- The projection pursuit model is made to convert the p- Step 1 the number of flood process indicator variables, m is the number of flood events analyzed, and x 0 ij denotes the value of the indicator j-th of i-th flood process. In this study, m ¼ 53, p ¼ 7 and
Step 2. Normalization of data Units for the seven variables selected in this study are different. Four types of data pretreatment methods including the mean centering, the differentiation, normalization, and auto-scaling can be used to eliminate dimensions of different process variables (Amrhein et al. ) . The normalization method was adopted in this study and is given below:
where X j min and X j max are the initial minimum and maximum values of the j-th indicator, respectively.
After normalization, the matrix could be replaced by matrix
Step 3. Analysis of linear projection
The p-dimensional data (X mp ) can be converted into onedimensional data (Z i ) of the projection direction by the following formula:
where Z i is the synthesizing projection value.
Step 4. Establishment of objective function
The projection index function can be constructed as follows:
where S a , which equals the standard variance of the projection value Z i , is the distance function between clusters. d a is the density function in clusters, which means that the local density of the projection value is Z i .
where
R is the window radius of density function in clusters, which is related to data characteristics, while the selection of an average number of window projection points should not be too small, and the average deviation of glide should not be too large. rik is the absolute distance between the random projection eigenvalues, and
Step 5. Optimization of objective function
The projection index function proposed by Friedman & Tukey () can be written as:
where a is the projection axis vector, also called the projection vector.
In this study the artificial fish-swarm algorithm (AFS) was adopted to find the optimizing value. AFS was used to Step 6. Calculation of contribution rate
The contribution rate can then be computed by using the following expression:
in which, a j > 0, (j ¼ 1, 2, Á Á Á , p) to make sure that all of the optimization projection directions are positive.
RESULTS AND DISCUSSION
Flood intensity
Shown in Figure 2 Instead, dimensionless values were processed using Equation (1), introduced earlier for the cluster analysis.
Initial values need to be set in order to compute the projection value of each flood event. In this study, the initial population size was set at 30, the artificial fish perception scope was visible as 0.3, the largest number of tests of each move try number was 20, the crowd fact was 0.3, the maximum number of iterations was 60, and the moving step length was 0.1. The optimization projection direction a, obtained from the AFS method, would be: From the optimization results, the projected characteristic value (Z i ) and the cluster results can be calculated.
Larger projection values indicate higher flood intensities. 1991, during which the duration of flood events weighed more than the total flood volume. The extended length of the flood event was the major cause of flooding in 1963.
The 1963 flood occurred in late March and early April, with a lowest peak flood discharge of 630 m 3 /s. While this study did not show that the peak flood discharge was the major contributing factor or equally as important as the peak stage, the total discharge of a flood event was consistently the major contributor. for some flood events. The flood duration apparently had the lowest contribution for flood intensity for most of the historic flood events, although it was a major factor for 6% of the flood events. Wujiang River is a typical mountainous river with a rapid flow, large hydraulic gradient, and a quick rise and fall of flood events. This study showed that the peak flood stages and the total flood volume are the two major factors in the decision-making process for planning and management of the regional hydraulic resources.
Characteristics of contribution rates
The maximum 24-h and 72-h flood volume contributed the least at 26% and 19% of flood events, respectively, and did not occur as a major contributor to the flood intensity;
thus, these volumes may not need to be considered for flood management in the Wujiang River. 1991 1997 1973 1977 1963 1993 2007 Ave_Cr: the mean contribution rate. P: peak discharge; H: peak level; V 12 : the maximum 12-h volume; V 24 : the maximum 24-h volume; V 72 : the maximum 72-h volume; V: the total flood volume; T: the flood duration. The ranks are given in descending order by the mean contribution rate. δ ¼ median; xmax ¼ maximum value; x min ¼ minimum value.
Assessment of the key factors
This study has shown that peak flood stage and the total flood volume are the dominant factors affecting high flood intensity. Although flood duration can become a major factor for some flood events, it contributed the least to flood intensity for most of the historic flood events. Wujiang
River is a typical mountainous river with a rapid flow, large hydraulic gradient, and quick rise and fall of flood events.
The Le Chang Valley Hydro-junction project, with a storage capacity of 3.74 × 10 9 m 3 in 2011, was constructed in the territory of Shaoguan City. In order to better control the flood intensity and risk, decisions are based not only on peak levels, but also on the total flood volume in the Wujiang
River. The results are expected to attract more attention from the Le Chang Valley Hydro-junction project regarding flood intensity control and flood risk management.
The maximum 24-h and 72-h flood volumes contributed the least to 26% and 19% of the flood events, respectively, and never occurred as a major contributor to flood intensity; thus, these factors may not even need to be considered for flood management in the Wujiang River. It is worth noting that although the peak flood discharges had good correlation with peak flood stages, the contribution rates for all 53 flood events were much smaller than the peak flood stages had shown. Even though reasons for the low contribution rates of peak flood discharges remain to be explored in future studies, this study showed that peak flood stages and the total flood volume would be the two major factors for the decision-making process in managing regional hydraulic resources.
